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Honorable Brendan T. Byrne
Governor of New Jersey 25 ~~
Trenton, NJ 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Longwood Lake Darn in
Morris County, New Jersey which has been prepared under authorization
of the Dam Inspection Act, Public Law 92—367. A brief assessment of
the dam ’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance, Longwood Lake Dais, initially listed as a high
hazard potential structure, but reduced to a low hazard potential
structure as a result of this inspection, is judged to be in fair
overall condition. The dam’s spiliway is considered inadequate since
12 percent of the One Hundred Year Plood would overtop the dam. The
low hazard classification means that in the event of failure of the
dam, no loss of life and only minimal economic loss is expected. To
insure the continued functioning of the dam and its impoundment, the
following remedial actions could be undertaken:

a. The spiliway ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies. This should include analyses
relating to the height of water overtopping the dam under SDF
condition.. A stability analysis should then be performed to evaluate
the effect on the stability of the dam due to overtopping resulting
from a storm equivalent to the SOP. The analysis should include all
necessary field investigations, such as borings and monitoring of
observed seepage.
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‘ - llotiorable Brendan T. Byrne

b. The outlet works should be investigated and restored to a
functional condition so that the lake can be lowered.

c. Both faces of the dam should be thoroughly inspected and then
renovated as determined by that inspection.

d. Measures should be taken to prevent pedestrian access to the
dam.

e. A barrier should be constructed to prevent swiusners and
boaters from passing over the spiliway.

f. The owner of the darn should initiate a program of periodic
inspection and maintenance, the complete records of which should be

• kept on file. A visual inspection of the dam and appurtenances should
be made annually and reported on a standardized check—list form. The
lake should be lowered completely once every five years at which time
the lake should be cleaned and normally submerged portions of the darn
and spiliway should be inspected and repaired.

g. A detailed topographic survey of the dam and area around the
dam, based on USGS datum , should be made. The survey map should

) become part of the permanent record.

A copy of the report is being furnished to Mr. Dirk C. Rofman , New
Jersey Department of Environmental Protection , the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman James A. Courter of
the Thirteenth District. Under the provision of the Freedom of
Information Act, the inspection report will be subject to release by
this office, upon request, five days after the date of this letter .

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS ) , Spr in g f i e l d , Virginia 22161 at
a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.
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• NêPEN-D
Honorable Brendan T. Byrne

An importan t aspect of the Dam Safety Program will be the
implementation of the recosusendations made as a result of the

• inspection. We accordingly request that we be advised of proposed
• actions taken by the State to implement our recounnendations.

Sincerely,

I m c i  JAMES C. TON
As stated Colonel, Corps of Engineers

District Engineer

Copies furnished:
Mr. Dirk C. Hofman, P.E., Deputy Director
Division of Water Resources
N.J. Dept. of Environmental Protection
P.O. Box CN029
Trenton, NJ 08625

Mr. John O ’Dowd , Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N.J. Dept. of Environmental Protection
P.O. Box CN029
Trenton, NJ 08625
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LONGWOOD LAXE DAM (NJ 00333)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspec ted on 1 May and 6 June 1979 by Storch Engineers
under contract to the State of New Jersey. The State , under agreemen t
with the U.S. Army Engineer District , Philad elphia , had this
inspection performed in accordance with the National Dam Inspection
Act , Public Law 92—367.

Longwood Lake Darn, ini t iall y l is ted as a hi gh hazard potential
structure, but reduced to a low hazard potential structure as a result
of this inspection , is judged to be in fair overall condition. The
dam ’s spiliway is considered inadequate since 12 percent of the One
Hundred Year Flood wouli overtop the dam . The low hazard
classification means that in the event of failure of the dam, no loss
of l i fe  and only minimal economic loss is expected . To insure the
continued func tioning of the dam and its impoundmen t , the following
remedial actions could be undertaken:

a. The spilivay ’s adequacy shou ld be det ermined by a qual i f ied
professional con sul tan t engaged by the owner using more sophisticated
methods , procedures, and studies. This should include analyses
relating to the heigh t of water over topp ing the dam under SDF
conditions. A stability analysis should then be performed to evaluate
the effec t on the stabili ty of the dam due to over topping resulting) from a storm equivalent to the SDF. The analysis should include all
necessary field investiga t ion s, such as borings and moni toring of
observed seepage.

b. The outlet works should be investigated and restored to a
functional condition so that the lake can be lowered.

c. Both faces of the dam should be thoroughly inspected and then
renovated as determined by that inspection.

d. Measures should be taken to prevent pedestrian access to the
dam.

e. A barrier should be constructed to prevent switisners and
boaters from passing over the spillway.

hJ :t~ _ _  _
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f. The owner of the dam should initiate a program of periodic
inspection and maintenance, the complete records of which should be
kept on file. A visual inspection of the dam and appurtenances should
be made annually and reported on a standardized check—list form. The
lake should be lowered completely once every five years at which time
the lake should be cleaned and normally submerged portions of the dam
and spilivay should be inspected and repaired.

g. A detailed topographic survey of the dam and area around the
dam, based on USGS da tum, should be made. The survey map should
become part of the permanent record.

AMES G. TO
Colonel , Corps of Engineers
District Engineer

DATE: ..€~ 4#/f7
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( PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Darn: Longwood Lake Dam, I.D.NJ00333
State Located: New Jersey
County Located: Morris -

Drainage Basin: Passaic River
• Stream: Rockaway River

j Date of Inspection: May 1, 1979 and June 6, 1979

Assessment of General Condition of Dam

Based on visual inspection and Phase I engineering analyses, the dam is
assessed as being in fair overal l condition .

Based on Investigations of the downstream flood plain made in connection
with this report, it is recommended that the hazard potential classification
be downgraded from high to low hazard.

Hydraulic and hydrologic analyses indicate that the spillway is not
adequate to pass the designated spiliway design flood (100-year storm)
without an overtopping of the dam. The spiliway is capable of passing
approximately 11 percent of the SDF. It is therefore recommended that a

• professional engineer experienced in the design and construction of dams
be engaged in the near future to perform more accurate hydraulic and
hydrologic analyses relating to the height of water overtopping the dam
under SDF conditions. A stability analysis should then be performed by
a professional englneer ’experienced In the design and construction of
dams to evaluate the effect on the stability of the dam due to overtopping
resulting from a storm equivalent to the SDF. The analysis should
Include all necessary field Investigations, such as borings and monitoring
of observed seepage. -

- o -
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In addition , it is recommended that the following remedial measures be
undertaken by the owner in the near future:

1. The outlet works should be investigated and restored to a
• functional condition so that the lake can be lowered.

2. Both faces of the dam should be thoroughly inspected and then
renovated as determined by that inspection .

3. Measures should be taken to prevent pedestrian access to the
dam. -

4. A barrier should be constructed to prevent swimers and boaters
• from passing over the spiliway.

The owner of the dam should initiate , in the near future, a program of
periodic inspection and maintenance, the complete records of which to be
kept on file and made availabl e to the public. A visual inspection of

• the dam and appurtenances by a professional engineer experienced in the
design and construction of dams should be made annually and reported on
a standardized check—list form. The lake should be lowered completely
once every five years at which time the lake should be cleaned and

• normally submerged portions of the dam and spiliway should be Inspected
and repaired.

-
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A detailed topographic survey of the dam and area around the dam, based
on the USGS datum, should be undertaken by a qualified licensed land
surveyor or professional engineer in the near future. The survey map
should become part of the permanent record mentioned above.

Richard J. McDermott, P.E.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•

John E. Gribbin , P.E.

;~~ ) • 

_ _ _ _ _ _  . •~~ . ~~~~. A4& ________________



— ----
~~~~~~— 

~~~~~~~~~~~~~~~~~~~~~~~~ 
——--—-- -

f

~~~~~~~ ~;

I
I

;
~
;;

~ 
1-----

~~

~
J1I

j

_ 1

_  *1

3; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ •• •. .•



- - 

~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~~

- TABLE OF CONTENTS -

• 
- Page

ASSESSMENT OF GENERAL CONDITION OF DAM I

OVERVIE W PHOTO iv

TABLE OF CONTENTS v

PREFACE - vii

SECTION 1 - PROJECT INFORMATION 1
1.1 General
1.2 Description of Project
1.3 Pertinent Data

SECTION 2 - ENGINEERING DATA 9

• 2.1 Design
2.2 Construction

• 2.3 Operation
2.4 Evaluation

• SECTION 3 - VISUAL INSPECTION - 11
3.1 FIndings

SECTION 4 — OPERATIONAL PROCEDURES 14
4.1 Procedures
4.2 Maintenance of Dam

4.3 Maintenance 0f Operating Facilities
4.4 Description of Warning System
4.5 EvaluatIon of Operational Adequacy

( 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- •~~~~~~~—~~~~—
-
~~~~~~--~~~~~~



- — 
-~~ .~~~- -T~~~-~~~ 

-
~~~~~~

---
~~~~

- -  T~~~~~T7-- ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~

I
TABLE OF CONTENTS (cont.)

Page

SECTION 5 — HYDRAULIC/HYDROLOGIC 
• 

16
5.1 Evaluation of Features

• SECTION 6 - STRUCTURAL STABILITY - 
- 18

6.1 Evaluation of Structural Stability

SECTION 7 - ASSESSMENT AND RECOMMENDATIONS 20
7.1 Dam Assessment
7.2 Recommendations

PLATES
1 KE Y MA P

2 VICINITY MAP
3 SOIL MA P

4 GENERAL PLAN

5 SECTION A-A

- 

6 PHOTO LOCATION PLAN

APPENDICES -

1 Check List - Visual Inspection
• Check List — Engineering Data

- . 
- 2 Photographs

• 3 EngIneering Data
4 HydrologIc Computations
5 Bibliography

• 

- 

- 

vi

•

’ 
-

L. ‘.A. ~~~~~~~~~~~~~~~~~~~~~~~ - - -~~—-—~~~~~~ • -~~-~~--~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ——. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -



— ~-~~~r ’ ~~~~~ ‘ - -~~~~~~~ ~~~~~~~~~~~~~~~~ 
• - -

~~
. - - - -• 

— -- -— - .-  . -- ~~~~~~~~~~~~ -— -- ~~ - - —

PREFACE

This report is prepared under guidance contained in the Recommended
~iuidel ines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief
of thyineers, Washington , D.C. 30214. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may

• pose hazards to human life or property. The assessment of the
general condition of the dam is based upon available data and
visual inspections. Detailed investigation , and analyses involving
topographic mapping , subsurface investigations, testing , and detailed
computational evaluations are beyond the scope of a Phase I investigation ;
however, the investigation is intended to identify any need for
such studies. -

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along wi th data available to the inspection

• team. It is important to note that the condition of dam depends on
numerous and constantly changing Internal and external conditions ,

- j  and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent
the condition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that the
unsafe conditions be detected.

Phase I inspections are not Intended to provide detailed hydrologic
ana hydraulic analyses. In accordance with the established Guidelines ,
the Spiliway Test flood is based on the estimated “Probable Maximum
Flood5 for the region (greatest reasonably possible storm runoff),
or fractions thereof. The test flood provides a measure of relative
spiliway capacity and serves as an aid In determining the need for
more detailed hydrologic and hydraulic studies , considering the
size of the dam, Its general condi tion and the downstream damage
potential .

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



Li PHASE I INSPECTION REPORT
- NATIONAL DAM SAFETY PROGRAM

LONGWOOD LAKE DAM, I.D. NJ00333

- 

SECTION 1: PROJECT INFORMATION

1.1 General -

a. Aut hority

Public Law 92—36 7, August 8, 1972 authorized the Secretary of 
-

the Army, through the Corps of Engineers to initiate a National
Program of Dam Inspection throughout the United States. The
Division of Wa ter Resources of the New Jersey Department of
Environmental Protection (NJDEP) in cooperation wi th the

- Philadel phia District of the Corps of Engineers has been
- 

- 

assigned the responsibility of supervising the inspection of
• dams within the State of New Jersey. Storch Engineers has

been retained by the NJDEP to Inspect and report on a selected
• group of these dams. The NJDEP is under agreement with the

Philadelphia District of the Corps of Engineers.

b. Purpose of Inspection -

The visual inspections of Longwood Lake Dam were made on

- 
May 1, 1979 and June 6, 1979. The purpose of the Inspections
was to make a general assessment of the structural integrity
and operational adequacy of the dam structure and Its
appurtenances.

(
~

)

• 

-
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1.2 Description of Project

a. Description of Dam and Appurtenances - 
-

Longwood Lake Dam is a straight concrete overfl ow dam with a
separate concrete auxiliary spiliway. The dam, which Is

• oriented east-west, is constructed between outcropplngs of
bedrock that form natural abutments. The auxiliary spiliway
Is also constructed between natural rock abutments and is
located about 40 feet from the east end of the dam. The dam
which has a top width of 6 feet and overall length of 91 feet,
has a height of 18.4 feet. A 12— foot wide apron is located on
the downstream side of the dam along its entire length.

The downstream face of the dam is vertical while the upstream
face is constructed with a batter of 1 horizontal to 4 vertical
according to the NJDEP record. The elevation of the crest of
dam is 739.5 (N.G.V.D.) and that of the spiliway crest is
737.1. The elevation of the auxiliary spiliway crest is
739.2. The outlet works consists of a 42-inch corrugated
metal pipe at the base of the dam.

• The downstream channel is a well defined river (Rockaway
River) flowing between nearly vertical outcroppings of bedrock.
Approximately 250 feet downstream, the channel flows into a
broader flood plain. There are no observed dwellings in the

• 
• downstream flood plain for 2 mIles. One timber bridge for an

unpaved road is located approxima tely 250 feet from the dam.

b. Location

Longwood Lake Darn is located in Jefferson Township, Morris
County, New Jersey. Constructed across the Rockawa,y River, it
Impounds Longwood Lake which Is a recreational facility for
stainer homes located around it. 

~~~~~~~~~~~~~~~~~
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c. Size and Hazard Classification

Size and Hazard Classification criteria presented in
Nkecommended Guidelines for Safety Inspection of Dams”,
published by the U.S . Army Corps of Engineers are as
follows :

SIZE CLASSIFICATION

Impoundment
Category Storage (Ac— ft) Height (Ft)
Small < 1000 and �50 < 40 and �25
Intermediate � 1000 and <50,000 � 40 and <100
Large � 50,000 � 100

HAZARD POTENTIAL CLASSIFICATION

Category Loss of Life Economic Loss
(Extent of Development) (Extent of Development)

• Low None expected (no per- - Minimal (Undeveloped
manent structures for to occasional structures
human habitation) or agriculture)

Significant Few (No urban develop- Appreciable (Notable
• 

- ments and no more than agriculture,industry

a small number of or structures)
• Inhabi table structures)
High More than few Excessive (Extensive

community, industry

• or agriculture)

3
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The following characteristics relating to size and downstream
hazard for Longwood Lake have been determined for this Phase I
assessment:

Height: 21.5 feet

Storage: 351 Acre-feet

Potential Loss of Life :

No dwellings are known to be located in the flood
U plain of the dam within 2 miles of the dam. - 

-

• Potential Economic Loss:

A timber bridge for an unpaved road is located about
250 feet downstream from the dam. A county road
bridge is located about 2 miles downstream from the

- 

- 
dam. •

- 
Therefore, Longwood Lake Dam is classified as “Small” size and
“Low” hazard potential .

d. Ownership

• Longwood Lake Darn is owned by the City of Jersey City, 280
Grove Street, Jersey City, NJ 07302.

e. Purpose of Dam

The purpose of the dam is the impoundment of a recreational
lake facility.

(
Ii
) 

•
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f. Design and Construction History

Reportedly, Longwood Lake Dam was originally constructed
- 

circa 1898 and has been essentially unchanged since that time.

• 
Reportedly, the lake was lowered for the last time In the
early 1950’s at which time a timber sluice gate located east

-
• of the dam was replaced with concrete to form what is now the

auxiliary spiliway. The 42-inch CMP outlet reportedly Is no
longer used.

g. Normal Operational Procedures

The dam and appurtenances are operated and maintained by the - -

City of Jersey City, Division of Water. There Is no regular
schedule of maintenance. - - -

The outlet, which is reportedly no longer used, is not opened
- 

- 

at times of intense rain to attenuate flooding conditions.

1.3 PertInent Data

a. Drainage Area 19.0 square miles

b. Discharge at Damsite -

•
- •

Outlet works capacity at normal

- 
pool elevation 813 c.f.s.

Splllway capacity at top of dam 572 c.f.s.
Auxiliary spillway capacity at

top of dam 5 c.f.s.
Total spillway capacity at

top of dam 577 c.f.s.

~ 
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J c. Elevation (Feet above MSL)

Top of dam 739.5
- Maximum pool—design surcharge 744. 7 -

Full flood control pool N.A.
Recreation pool • 737.4

- Spillway crest 737.1
Stream bed at centerline of dam 718

- Maximum tallwater 728 (Estimated)

d. Reservoir 
-

Length of maximum pool 10,000 feet
Length of recreation pool 7)000 feet (scaled)
Length of flood control pool NA.

e. Storage (Acre—feet)

- • - Recreation pool 214 acre— feet
Flood control pool NA.

• Design surcharge 969 acre—feet
Top of dam - 351 acre-feet

• f. Reservoir Surface (Acres)

Top of dam 56 acres (Estimated)
Maximum pool 82 acres (Estimated)

- Flood control pool N.A.
Recreation pool 43 acres
Spiliway crest 43 acres

( _ ) •
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g. Dam 
- 

-

lype Concrete Gravity
Length 91 feet
Height 21.5 feet
Side slopes — Upstream - 1 horlz. to 4 vert.

- 
— Downstream Vertical

Zoning N.A.
Impervious core N.A.
Cutoff 

- 
Unknown

Grout curtain N.A.
Foundation Unknown

h. Diversion and Regulating Tunnel N.A.

I. Spiliway

Type Uncontrolled broad
crested weir

Length of weir 51 feet
Crest elevation 737.1
Gates LA.
Approach channel N.A.

: • Discharge channel Splllway discharges directly
Into downstream channel

j. Auxiliary Spillway

Type Uncontrolled broad
crested weir - 

-

Length of weir 11 feet
Crest elevatIon 739.2

( )

L~. •~~~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~ 

- — - -  —



-• ~~~~~~~~~~~~~ 
-

~~ 
-— 

~~~~~TZ1TTI T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

____  •

Gates N.A.
Approach channel N.A. 

-

• Discharge channel 
- 
Natural stream bed

k. Regulating outlets

42—inch ~MP with gate (reportedly, no longer used)

8
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III
SECTION 2: ENGINEERING DATA

2.1 Design

No plans nor calculations pertaining to the original construction
of the dam are available. A profile of the river above and below
the dam, showing elevations of the dam , is contained in the NJDEP
file. Reference to an inspection of the dam in 1978 by the NJDEP

- indicates that the dam is in need of repair.

2.2 Construction 
-

No data nor reports pertaining to the construction of the dam are
available.

2.3 Operations 
-

Correspondence in the NJDEP file indicates that the lake was lowered

- 
In 1939 to facilitate weed removal around the shores. No other

-

~~ written records of the operation of the dam are available.

2.4. Evaluation

a. Availability -

• Availabl e information is l imited to that which is on file at
the NJDEP. The NJDEP file contains copies of correspondence
and a profile of the river in the vicinity of the dam. The
file is available for inspection at the offices of the Bureau
of Flood Plain Management, 1474 Prospect Street, Trenton, N.J.
08625.
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, b. Adequacy 
-

Availabl e engineering data pertaining to Longwood Lake Dam is
- not adequate to be of significant assistance to the performance

of a Phase I evaluation.

c. Validity -

Based on the findings of the field inspection , the information
contained in NJDEP file for Longwood Lake Dam is val id within
a reasonable al lowance for error.

i
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SECTION 3: VISUAL INSPECTION

- - 3.1 Findings -

a. General -

The inspections of Longwood Lake Dam were performed on
May 1, 1979 and June 6, 1979 by staff members of Storch
Engineers. A copy of the visual inspection check list is
contained in Appendix 1. The following procedures were
employed for the inpsection :

1. The dam, appurtenant structures and adjacent areas
were examined.

2. The dam and accessible appurtenant structures were
measured and key elevations determined by a surveyor’s

- level .
3. The dam, appurtenant structures and adjacent areas

were photographed.

b. Dam 
-

• The vertical alignment of the dam crest is level and the
horizontal alignment is straight. The dam appeared to be
outwardly structurally stable, although some spalling about 3

- 
• 

• Inches deep was observed on the downstream face near each end.
Junctions between the dam and bedrock appeared to be in generally

- satisfactory condition with evidence of some seepage. The
discharge rate of the seepage was not measurable. A horizontal
crack was observed along the downstream face of dam approximately
1 foot below the crest. It could not be determined whether
the crack is on the surface or structural in nature. Evidence

• of leakage was observed at some seams In exposed bedrock near
the east junction. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



_________ _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -

The generalized soil description of the dam site consists of
recent alluvium , composed of stratified materials deposited by
streams, overlying stratified glacial drift. The glacial
drift is composed of assorted, relatively homogeneous materials
consisting predominantly of sand and gravel , with some silt

H and clay In depressions, deposited by mel t-waters flowing from
the Wisconsin glacier.

c. Appurtenant Structures

The overflow section of the dam forming the sptllway appeared
to be in generally satisfactory condition. The spiliway
discharges directly into the Rockaway River. A group of rocks
serving as an energy dissipator is located on the apron of the
dam. Both the group of rocks and the apron were obscured by

• - 
discharge over the spillway .

Discharge over the spiliway falls freely onto the rocks located
on the apron of the dam. No barrier designed to prevent
objects from being swept over the spiliway was observed. This
condition Is considered to be very hazardous to swimers and
boaters. -

• - The auxiliary spiliway is located 40 feet from the dam and
consists of a straight concrete broad crested weir. Flow over
this spiliway discharges into a narrow well defined channel
with steep sides composed of exposed bedrock. Both the upstream
and downstream faces of the auxiliary spiliway are vertical .
The crest Is in generally satisfactory condition.

The 42—Inch outlet pipe was observed to be in fair condition.
The upstream end of the pipe as well as the regulating gate
could not be observed.

( _ _~
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d. Reservoir Area

Longwood Lake is long and narrow, averaging 300 feet in width,
with an overall length of 7000 feet. Its shores are generally
wooded with steep banks ranging in slope from 5 percent to 20
percent. Many summer homes and docks are located along the
banks of the lake. The upstream side of the dam appeared to
have a heavy accumulation of sediment.

- e. Downstream Channel -

The spiliways discharge into the Rockaway River. Immediately -

downstream from the dam the channel is well defined with steep
bedrock lined banks. Approximately 250 feet downstream, the
flood plain Is wider and has less steep banks. No structures

- were observed to be in the flood plain for 2 miles downstream
from the dam. -

-~~~~~~~ ——~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
— -
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

The level of water in Longwood Lake is regulated naturally by

— 
discharge over the spillways of Longwood Lake Dam. No formal

- procedure for operating the dam and appurtenances is employed by
the City of Jersey City.

4.2 Maintenance of the Dam

The dam is reportedly maintained by the Division of Water of the
City of Jersey City on an “as needed” basis. No maintenance has
been perfomed in the one year that the City has owned the dam.

4.3 Maintenance of Operating Facilities -

The outlet works for the dam are reportedly maintained on an “as
needed” basis. It Is not known when the outlet works was last

- serviced.

4.4 DescrIption of Warning System

Reportedly no warning system is in effect at the present time.

4.5 EvaluatIon of ~ erat1onal Adequacy

No record of the operation of the dam is available.

Areas of maintenance that have not been adequately performed are:

1. Spells and deterioration on downstream face of dam not
repaired.

~~
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L) 2. Debris In auxiliary spillway discharge channel not
removed.

3. SedIment allowed to accumulate at upstream side of
- spiliway.

0 
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data

The quantity of storm water runoff that the splllway should be
able to pass without an overtopping of the dam is based on the
size and hazard classification of the dam. This runoff,

- called the spiliway design flood (SDF) is described in terms
of return frequency or probable maximum flood (PMF) depending
on the extent of the dam ’s size and potential hazard. According
to the “Recommended Guidelines for Safety Inspection of Dams”
published by the U.S. Army Corps of Engineers, the SDF for
Longwood Lake Dam falls in a range of 50—year to 100-year
frequency. Al though the characteristics for Longwood Lake
Dam, as described in Section 1, fall into the lower end of the
prescribed catagories, It Is deemed prudent to select the

-• 100-year storm as the SDF.

The SDF peak computed for Longwood Lake Dam is 5539 c.f.s. -

This value is derived from the 100—year flood hydrograph
computed by the use of the HEC-1-DB Flood Hydrograph Computer
Program using Snyder’s coefficients. Hydrologic computations
and computer output are contained In Appendix 4.

Splllway discharge rates were computed by the use of a weir
• formula appropriate for the configuration of the spillway

overflow sections. (See Appendix 4.) The spillway discharge
with lake level equal to the top of dam was computed to be
577 c.f.s.

S 

- 

•
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- -
~~ The SDF was routed through the reservoir by the use of the

HEC—1—DB computer program using the modified Puls method. The
routing resulted In an estimated overtopping of the dam to a

- 

height of 5.2 feet. Accordingly, the subject spiliway is

- 
assessed as being Inadequate in accordance with criteria
developed by the U.S. Army Corps of Engineers.

b. Experience Data -

No records concerning overtopping of the dam are available.

c. Visual Observations

No evidence was found at the time of inspections that would
Ind icate that the darn had recently been overtopped. 

- 
-

d. Overtopping Potential

• As indicated in paragraph 5.1.a, a storm of magnitude
equivalent to th SDF would cause overtopping of the dam to a

• height of 5.2 feet. Computations indicate that the splllways
-

- - can pass approximately 11 percent of the SDF without an over— —

topping of the dam. - 
•

I

S

_ _ _ _ _ _ _ _ _ _ _ _ _ _



____________________________________________________________________________

SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability 
-

a. • Visual Observations -

• The dam appeared, at the time of inspection, to be outwardly
structurally stable with horizontal cracks observed about

- 

- 
1 foot below the crest In the downstream face near the east
and west ends. It could not be determined whether the cracking
Is on the surface or structural in nature. Evidence of seepage
was observed at the junctions between dam and natural abutments

• at each end of dam.

b. Design and construction data

- 

- Ana lysis of structural stability and construction data for the I
dam are not available.

C. Operating Records 
-

No operating records for the dam are available.

d. Post Construction Chan ges 
-

Reportedly the only change to the dam or area surrounding it
- was the el imination of the timber sluice to form the present

concrete auxiliary spiliway .

e. Seismic Stability -

Longwood Lake Dam Is located in Seismic Zone 1 as defined in
“Recommended Guidelines for Safety Inspection of Dams” which

0

- •~~~~~~
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I

(. ) Is a zone of very low seismic activity. Experience indicates
that dams in Seismic Zone 1 will have adequate stability under
seismic loading conditions if stable under static loading
conditions. Longwood Lake Dam appeared to be outwardly

- 

structurally stable at the time of inspection.

I-.
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SECTION 7: ASSESSMENT AND RECOMMENDATIONS

7.1 Dam Assessment

a. Safety

Based on hydraulic and hydrologic analyses in Section 5 and
Appendix 4, the spiliway of Longwood Lake Dam is assessed as
being inadequate. The spiliway Is not able to pass the SDF
designated for the dam without an overtopping of the crest.

The dam appeared, at the time of inspection, to be outwardly
structurally stable with horizontal cracks observed about
1 foot below the crest In the downstream face near the east
and west ends.

b. Adequacy of Information

Information sources for this study include: 1) field inspection,
2) USGS quadrangle, 3) Aerial photograph supplied by Morris
County Planning Board, 4) limited information in the NJDEP
file, and 5) consultation with personnel of Division of Water,
City of Jersey Ci ty.

The information obtained is sufficient to allow a Phase I
• assessment as outlined in “Recommended Guidelines for Safety

Inspection of Dams.”

Some of the absent data are as follows :

1. Hydraulic and structural design reports.
2. MaIntenance and lake elevation records.
3. SoIls and geology report.

- —
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c. Necessity for Additional Data/Evaluation

Additional evaluation is considered necessary in order to
assess the structural stability of the dam under various
overflow conditions. The evaluation should be as outlined In
paragraph 7.2.a. -

7.2 RecommendatIons

a. Remedial Measures

Based on hydraulic and hydrologic analyses outlined In •

paragraph 5.1.a, the spiliway is assessed as being inadequate.
It is therefore recommended that a professional engineer

- 
experienced In the design and construction of dams be engaged
In the near future to perform more accurate hydraulic and
hydrologic analyses relating to the height of water overtopping
the dam under SDF conditions. A stability analysis should

- 
then be performed by a professional engineer experienced in
the desIgn and construction of dams to evaluate the effect on

• 

• 

the stability of the dam due to overtopping resulting from a
storm equivalent to the SDF. The analysis should include all
necessary field investigations, such as borings and monitoring

• of observed seepage. 
-

• In addition, it is recommended that the following remedial
measures be undertaken by the owner in the near future:

• 1. The outlet works should be Investigated and restored
• to a functional condition so that the lake can be

lowered.
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2. Both faces of the dam should be thoroughly inspected
and then renovated as determined by that Inspection.

3. Measures should be taken to prevent pedestrian
access to the dam.

4. A barrier should be constructed to prevent swimmers
and boaters from passing over the splllway .

b. Maintenance

The owner of the dam should initiate, In the near future, a
program of periodic Inspection and maintenance, the complete
records of which to be kept on file and made available to the
public. A visual inspection of the dam and appurtenances by a
professional engineer experienced in the design and construction
of dams should be made annually and reported on a standardized

• check—list form. The lake should be lowered completely once
•. every five years at which time the lake should be cleaned and

• normally submerged portions of the dam and spillway should be
Inspected and repaired.

c. Additional Studies

A detailed topographic survey of the dam and area around the
• 

• • dam, based on USGS datum, should be undertaken by a qualified
licensed land surveyor or profess ional engineer in the near

- future. The survey map should become part of the permanent
record mentioned in paragraph 7.2.b.

- 
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STORCH ENGiNEERS INSPECTION AND EVALUATIC~’J OF DAMS

~LORIIAM PARK , NEW JERSEY KEY MAP
L NGWOOD LAKE DAM

N.J.DEPT.OF ENVIR. PROTECTION LD. NJ 00333 SCALE: NOT TO SCALE
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STORCH ENGINEERS INSPECTION AND EVALUATION OF DAMS
• FLORHAM PARK , NEW JERSEY VICINITY MAP
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AR Recent alluvium composed of stratified materials deposited
• by streams.

GS—24 Assorted , relatively homogeneous materials consisting pre-
dominantly of sand and gravel , wi th some silt and clay
In depressions, deposited by melt-waters flowing from the
Wisconsin glacier.

NOTE: Information taken from Rutgers University Soil Survey of New
Jersey, Report No. 9, Morris County, and Geologic Map of 
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STORCH ENGINEERS INSPECTION AND EVALUATION OF DAMS
FLORHAM PARK , NEW JERSEY SECTION A —A
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PHOTO I.
CREST OF DAM
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PHOTO 2

OUTLET WORKS DISCHARGE PIPE

LONGWOOD LAKE DAM
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Fl PHOTO 3
SPALL ON DOWNSTREAM FACE - EAST END OF DAM

5~ 

-

PHOTO 4
JUNCTION BETWEEN EAST END OF DAM AND ROCK ABUTMENT

LONGWOOD LAKE DAM 
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PHOTO S
SEEPAGE AT EAST END OF DAM

1 MAY 1979

- PHOTO 6
SEEPAGE AT WEST END OF DAM

- 
6 JUNE 1979

LONGWOOD LAKE DAM
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PHOTO 7
SPALL ON DOWNSTREAM FACE - WEST END OF DAM

r

PHOTO 8
HORIZONTAL CRACK BELOW CREST OF WEST END OF DAM

LONG WOOD LAKE DAM

IL— ~~ 6 JUNE 1979
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PHOTO 9

AUXILIARY SPILLWAY EAST OF DAM

~- PHOTO 1O
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5. 
DOWNSTREAM CHANNEL
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Mostly Wooded

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 737.4 (214 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N .A.

ELEVATION MAX IM t J!~-1 DESIGN POOL: 744.7

ELEVATION TOP DAM : 739.5

PRINCIPAL SPILLWAY CREST: Concre te We i r -

a. Eleva tion 737.1

b. Type Broad crested weir

c . Width 6 feet

d. Length 51 feet

e. Location Spillover Overflow portion of dam
- 

f. Number and Type of Gates None

AUXILIARY SPILLWAY CREST: Concrete Weir

a. El evation 739.2

b. Type Broad crested Weir

c. Width 5 feet 
—

d. Length 11 feet

e. Location Spillover 40 feet east of dam

f. Number and Type of Gates None 

5-.
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I -
-

OUTLET WORKS : Gated Pipe

a. Type 42-inch corrugated metal pipe

b. Location East end of dam 
- 

-

- c. Entrance invert Unknown 
-

- d. Exit invert 721.0
- Mequacy of gate operating mecha- -

e. Emergency draindown facilities: nisrn unknown

HYDROMETEOROLOGICAL GAGES: One gage

a. Type Weir 
-

b. Location Across Rockaway River 2 miles downstream from dam

c. Records Unknown -

~1AXIMLI1 NON-DAMAGING DISCHARGE:

(Lake stage equal to top of darn) 577 c.f.s.

0 

- 
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-
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APPEND IX 4

Hydrologic Compu tations
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FNfl.flF—PERIQft FI.OW

NO.0* HR .MN PERIOD RAIN EXCS LOSS COMP 0
1.01 1.00 1 .08 0.00 .08 18.
1..0.1__2.00___ _ 2___ _...08 fl.0fl -fla_ _____

1.01 3.00 3 .08 0.00 .08 15.
1.01 4 . 0 0  4 .08 0.00 .08 14.
1.01 5.00 5 .08 0.00 .08 13.

~~~1.01 . . 6. C0 . 6 . .08 - .0.00 . _ .08 ~ _ .. 13.
- 

S 1.01 7.00 7 .09 0.00 .09 12.
• 1.01 8.00 8 •09 0.00 .09 11.

1.01 9.00 9 518 0.00 .18 10.__L.O1.~~1C.00 - 1Q j8 . _ . f l . D f l  -lB .
1.01 11.00 11 .18 0.00 .18 9.
1.01 12.00 12 .19 0.00 .19 8.
1.01 13.00 13 .30 .09 .21 17.

- 14.00 _ . . 1 4  .__.30 .15 .._.~.15 - _ _ _ _ _  55. __.
1.01 zs .ço 15 .80 .65 .15 187.
1.01 16. 0 16 3.00 2.415 .15 708.
.01 17.00 11 .40 .25 .15 1752.
.01 - 18 .0D ._ i.8 _ . .30__ . . l 5 15 i~O 70.. ._.
.01 19.00 19 .19 .04 .15 43 50.
.01 20.00 20 .18 .03 .15 5243.
.01 21.00 21 .09 .00 .09 5539.

1.01 22.00 _ 2 2  •3e _ 0. __..09 _..5169._
.01 23.00 23 .0 0.00 .08 4428.

1.02 0.00 24 .08 0.00 .08 3703.
1.02 1.00 25 0.0 0 . 3 0  0.00 3fl71.
1.02 2.00 __ 26. _ 0.0  ._ 0 .00 __0.00 .... ..2537._
.02 3.00 27 0.00 .00 0.00 2~92..02 4.00 28 0.0 0.00 0.00 1725.
.02 5.00 29 0.0 0.00 0.00 1423.
.02 6 . 0 0  30 - 0.0 0.30 . .0.00 . _1173.
•02 7~~Q fl 31 0.0 0.00 0.00 967.
.02 8.0 32 0.0 0.00 0.00 798.
.32 9.0 33 0.0 0.00 0.00 658.
.02 10.00 34 _D.0 _ D.0D _..O.00 _ .543.._.
.02 11.0 35 41.0 0.00 0.00 447.
.02 12.0.~ 36 .0 0.00 0.00 369.
.02 13.00 37 .0 .00 0.00 304.

— .02 14.00 —— 38  .0 0.’~U 
_ 0.00 268.

.02 15.00 39 .0 0.30 0.00 250.

.02 16.00 40 .0 0.00 0.00 233.

.02 17.00 41 .0 0.30 0.00 2141.

.02 18.00 42 .0 - - .30 . 0.00 233.

.02 19.00 43 .0 0.00 0.00 189.

.02 20.00 44 ~,.O 0.00 0.00 177.

.02 21.00 45 0.0 0.03 0.00 165.
1.02 22.00 46 0.0 0.30 0.00 154.__
.02 23.30 47 0.0 0.00 0.00 144.
.03 0.540 48 0.0 0.~~0 0.00 134.
.03 1.30 49 0.0 O .u3 0.00 125.

1.03 2.00 _. 50 0.0 - 0.00 . 0.00 117.
.03 .00 51 0.0 0.30 0.00 109.
.03 4.00 52 0.0 0.03 0.00 102.
.03 .00 53 0.00 0.00 0.00 95.

— ..03 .00 54 0.0 0.00 0.00 88.
1.03 .00 55 0.0 0.00 0.00 82.
1.03 ...00 56 0.0 0.00 0.00 77.
1.03 9.00 57 0.0 (t.00 0.00 72.
1.03 10.00 _58 0.0 0.00 _0.00 _. 67......
1.03 11.00 59 0.0 0.00 0.00 63.
1.03 12.00 60 0.0 0.00 0.00 58.
1.03 13.00 61 41.0 0.00 0.00 54.
1.03 14.30 62 .0~ 0.00 0.00 51.
1.03 15.00 63 .00 0.03 0.00 47.
1.03 16.00 64 .00 0.00 0.00 44.
1.03 17.00 65 .00 0 .00  0.00 *1.

—1.33 - - 18.30 46 .—- .00. 0.33._-0.00 -.-_..-—._- 38.—.—_.
1.03 19.00 67 .00 0.30 0.00 36.
1.03 20.00 68 .00 0.00 0.00 ~3..03 21.00 69 .5.00 0.30 0.00 .~1.

- -  .03 22.00 - - — -  70 0.00 0.00 0.00 ———. - 29. -— —

.33 23.00 71 0.00 0.00 0.00 27.

.04 0.00 72 0.00 0.00 0.00 25.

.04 1.00 73 0.00 0.00 0.00 2*.
— .04 2.00 -- 7* 0.09 0.00 0.90 .__ ~2..04 3.00 75 0.Ou 0.00 0.uO ~3.
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NO. DA HR.PIN Pt RIOD RAIN ~XC S L OSS CONP Q

1.04 4.00 76 0.00 0.00 .00 19.
- 1~~04  S..00 77 fl_O0.. 0.0Q 0.00

~.04 6.00 78 0.00 0.00 .00 17.
1.04 7.00 79 0.00 0.00 .00 16.
1.04 8.00 80 0.00 0.00 .00 15._ ___ i .04 _______ _ _ 9 .00 _ _____ _ _8 1___ 0.e0 __ 0I00 .____ _ ...00 I t.—1.04 10.00 82 0.00 0.00 0.00
1.0* 11.00 83 0.00 0.00 0.00 12.
1.0 12.00 84 0.00 0.00 0.00 11.
1.~~ _ ..l3.00 _____8 _O.00 0.00

~~~

..0.00________
1.0 14.00 86 0.00 0 .00  0.00 10.

• 1.0 15.00 87 0.00 3.00 0.00 9.
5 1.0 16.00 88 0.00 0.00 0.00 8.

_.l.0 _..17.00 89_0.00._. 0.00_9.00
1.04 141.00 90 0.00 0.00 u.00 ,.

— 1.04 19.00 91 0.00 0.00 0.00 7.
1.04 20.00 92 0.00 0.00 0.00 6.
l.04_21.0Q ______93.__.0.00_ 0.00 .._0.00 ________

1.04 2 2 . 0 0  94 0 .00  0 .00  0 .00  6.
1.04 23.00 95 0.00 0.00 0.00 5.

- • 1.05 0 . 0 0  96 0 .00 0 .00  0.00 5.
_____l.05 1.00. 97_......2.00 __ 0.00 _ 0.00_...~.._ . 4._

1.05 2.00 98 0.00 0.00 0.00 4.
1.05 3.00 99 0.00 0.00 0.00 4.
1.05 4.00 100 0.00 0.00 0.00 4.
1~ 05_ . 5.00 i01~ ._0.00 _0.00 0.00. -
1.05 6.00 102 0.00 41.03 0.00 3.
1.05 7.00 103 0.00 0.00 0.00 3.
1.05 8.00 104 0.00 0.00 0.00 3.
1.05 . 9.00 105 ..._0.00 _ 0.00 _ 0.00 —_______
1.05 10.00 106 0.00 0.00 0.00 2.
1.05 11.03 107 0.00 0.00 0.00 2.
1.05 12.00 108 0.00 0.00 0.00 2.

____1.05..._13.00 109_D.00 . 0.00 _0.00 2.......
1.05 14.00 110 .00 0.00 0.00 2.
1.05 15.00 111 .00 0.00 0.00 2.
1.05 16.00 112 .00 0.00 .00 2.

_~1.05 17.03 _____ 113 _ .00 _ 0 .00  .0 0  ________

1.05 141.00 114 .30 0.00 .00
1.05 19.00 115 .00 0.00 .00
1.05 20.00 116 .00 0.fl0 0.00 .

. 1.05.. 21.00. i17...... .00....... 0.00 _ .00 _______

1.05 22.00 118 .03 .00 .00
• 

. 1.05 23.00 -119 .00 .00 .00
1.06 0.00 120 .00 .00 .00

_4 .06  1.00 . 121 .00~
_ .00 .00 ______—

i.06 2.00  122 .03 .00 .00
1.06 3.00 123 .00 .00 .00
1.06 4.00 124 .00 .00 .00 .

_1.06 . 5.00 ._ .. 125_ .00 -— .00 .00 _______

1.06 6.00 126 .00 .00 .00
1.06 7.00 127 .00 .00 .00
1.06 8.00 128 .00 .00 .00

— 4 .06 9.~~0 129 - .00 .00 .00 ______

1.06 10.00 130 .00 .00 .00
1.06 11.00 131 .00 .00 0.00
1.06 12.00 132 .00 .00 .00

— 4.96 13.09 133 ~. .00 .00 - .00 _______1.U6 4.0~ 34 .00 0.00 .00 u.
1.06 5.00 35 .00 .00 0.00 0.1.06 6.00 36 .00 .00 0.00 0.
1.06 7.00 37 .00 .00 0.30 0.
1.06 8.00 38 .00 .00 0.00 9.1.06 ~.00 39 .00 .00 0.00 U.
1.06 20.00 140 .00 0.00 0.00 0.

— ---— -4 .06 - 21.03 —_.__--141.---_-.0.03— O.00.__ _D.0I1 __________

1.06 22.00 142 .00 .00 .00 u.
1.06 23.00 143 .00 .00 .DC 0.

- - 1.07 0.00 144 .00 .00 .00 0.
—- .07 p.00 - ——— 14 5 - .00 - .00 — .00 -_______ 0.—

~~~ 2.00 146 .00 .00 u.00 9.1.u7 3.00 147 .00 .00 0.00 u.
1.07 4.00 148 .00 .30 0.00 0.

- — - -  
~.07 5.00 —_ ~~9 .09 .00 9 .00 9.S 1.07 6.00 iSO y .OU V .00  u.00 us

SUM 7.20 4.22 2.98 54473.
—-  - - —  -—- —*--183.1-4-107.)4-- 76.)L-4U2.S0)__.

-~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -- -5-- — ~~~~~~~~—
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DAM D A TA
TOPEL C000 EXPD DANV ID

— 7~~9.5 ~.7 i~~c sO. -

STATION DAM, PLAN 1, RATIO I
— _________ - t~ D,OF~~PERlDD. HYDRfl(~RL P~ _ORD.IHIYrS
$0.DA HR.NN PERIOD I-SOURS INFLO W OUTFLOW STORAGE STAGE

1.01 1.00 1 1.00 18. 38. 212. 737.4
.._4.flt 2.00 .2 .2.0D _ .~~ .17. IL 241.... 737..L.... ....

- i.01 3.00 3 3 .00 15. 29. 2u9. 737.3
4.01 4 .00  4 4.00 14. 25. 208. 737.3
1.01 5.00 5 5.00 13. 22. 207. 737.2

——X.~1 ~.O0 —~~
_-_6.1.0~~~~~~~~13. 2fl6. -

- I 1.01 7.00 7 7.00 12. 18. 206. 737.2
1.01 8.00 8 8.00 11. 16. 205 . 737.2
1.01 9.00 9 9.00 10. 15. 205. 737.2

_........i.Oi_J0.flO .10 - 10.C0~~
_ 9.__ .. 14.________

1.01 11.00 11 11.00 9. 12. ~04. 737.2
1.01 12.00 12 12.00 8. 11. 204. 737.2
1.01 13.00 13 13.00 17. 12. 204. 737.2

- S _.......l.01.....J.4.0O 14_ - 14.00. ._  55. _____ .1 8.. 206. 737.2_
- - 1.01 15.00 15 15.00 187. 44. 213. 737.4

1.01 16.00 16 16.00 708. 135. 243. 738.0
• 1.01 17.00 17 17.00 1752. 442. 321. 739.1

...._ 1.01 ~.1B.00 _ . l8 .18.0- 0 ._.._ 3070..___ 111 9. _____ 455._  740.5 —1.01 19.00 19 19.00 4350. 2219. 624. 742.0
1.01 20.00 20 20.00 5243. 3432. 787. 743.3
1.01 21.00 21 21.00 5539. 4391. 909. 744.3
1.01~ .22.00 

_____22 22.00 5169. ..__4872. _____ 969.........._.744.7_
1.01 23.00 23 23,00 4428. 483~. 964. 744.1
1.02 0.00 24 24.00 3733. 445Q~ 917. 744~ 31.02 1.00 25 25.00 3011. 3926. 850. 743.8

— 1.02 2.00 ._.26 26.00 2537. __3379. _____ 780._ 74’.3 —1.02 3.00 27 27.00 2092. 2873. 713. 742.7
1.02 4.00 28 28.00 1725. 2421. 652. 742.2
1.02 5.00 29 29.00 1423. 2040. 598. 741.8

_1.02 - 6.00 _____ 30. 30 .C0_ 117 3. ................1713. _____ 550. _ .__ 741.4_
1.02 7.00 31 31.00 961. 1437. 508. 741.0
1.02 8.00 32 32.00 798. 1216. 472. 740.7
1.02 9.00 33 33.00 658. 1024, 439. 740.4

— 1.02 0 .03  _ .3 4  34 .00  543. ._..._. 86 0 . _____ 411. ......_ 743 . 1 —1.02 1.00 35 35.00 447. 740. 386. 739.9
1.02 2.00 36 36.00 369. 631, 363. 739.6
1.02 3.00 37 37.00 304. 540. 342. 739.4

_1.C2... ..4.0D~~....._38_ . 38.00 268._.............. 461.  _____

1.02 15.03 39 39.00 250. 402. 310. 739.0
1.02 16.00 40 40.00 233. 361. 299. 738.9
1.02 17.03 41 41.00 218. 3.4. 289. 738.7
1.02 18.00 ___ .42 42.00 _.~~ 203. 293. ______ 281............._ 738,6
1.02 19.00  43 4 3 . 0 0  189. 265. 274.  738 .5

- 1.02 2 0 . 0 0  44 4 4 . C 0  177, 241, 269. 738.4
1.02 21.00 45 45.00 165. 220. 264. 738.4

.._1.02 22.00 _____ 46 46.00 — 154............... 201. _____ 259..._.........73B.3 -—
1.02 23.00 47 47.00 144. 184. 256. 738.2
1.03 .00 48 48.00 134. 170, 253. 738.2
1.03 .00 49 4 9 . 0 0  125. 157. 250. 738.1

— 1.03 .00 50 5 0 .0 9  117. __ .  447. ?47. 738.1 —1.03 3.00 51 51 .Ou 109. i4u.  ~~~~ f38.0
1.03 4.00 52 52.00 102. 133. 242. 738.0
1.03 .00 53 53.00 95. 126, 240. 737.9

_1.03 - - .00 _.54 - 54.00 _____ 88......_ 119. _____ 237. ___ 737.9
1.03 .00 55 55.00 8~ . 412. 235. 731.8
1.03 .00 56 56.00 7i . iOS. 232. 737.8
1.03 5.00 57 57.00 72. 98. 230. 737.8
4.03 10.00 58 58.00 67. 92, 228. 737.7
1.03 11.00 59 59.00 63. 86. 226. 737.7
1.03 12.00 60 60.00 58. §0. 224. 737.6
1.03 13.00 61 61.00 54. r4. 222. 737.6

...—4.03---44.0O ~~—-~ 2.CQ -51 . 69. 221. 737.~ .___...,
1.03 15.00 6 63.00 47. 64. 219. 737.5
1.03 16.00 64 64.00 44. 60. 218. 737.5
1.03 17.00 65 65.00 41. 56. 217. 737.5

—- 4 .93 18.00 -66 66.00 —- 38. --—-- 52. — 216. 737.4
1.413 19.00 67 67.00 36. 49. 215. 737.4
1.03 20.00 68 68.C-O - 33, 4’. 214. 737.4
1.03 21.00 69 69.00 31. 42. 213. 737.4

-— 4.~ 3 2? .O0 —- — - 79 70 . t 9  _..- ~9. - - -_- .  ~9. - -—.-.——— fl 2. .___ - . 7~ 7.4
i•~~ 

2 .00 7i 74 . G u  ~7. .7. ~i1.i.04 .00 72 7~ .O0 25. 34. 210. 737.3
1.04 .00 73 73.00 24. 32. 210. 737.3

— 110 4 .00 -— 74 74.30 - 22. 29. 209. — 737.3
1.04 .00 75 75.00 21. 27. 209. 737.3
4 .94 4 . 0 0  76 76.00 19. 26. 208. ,37.3
i.u4 5 .00  77 77.00 18. 24. 208. 737.3
1.81 ~~. Af l  70 7a.HI 57. 22_ 287. - 737.2

-.~~~ ~~~~
__i

~~~~~~~~~~ __ _ _~~~~~~~~ -.~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -- - - --5~~~~~~~~~~~~~~ -- _-_—~~~~~ —--  -~~~~~~~~~~ ---- ~~~~~~ ~~~~-~~-
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_ _ _ _  _ _ _ _ _ _ _ _- - --5--— - - . tND—OF—PERIO.D~~YDRQ&RAP.a.0RDIPJATF~ 
—____________

NO.DA MR.MP4 PERIOD HOURS INFLOW OUTFLO4 STORAGE STAGE

~:o4 ~~ 
- 

~~~~ ~o7;
1.04 8.00 80 80.00 15. 19. 206. 737.2
1.04 9.00 81 81.00 14. 18. 206. 737.2

—.1.04 10.00 —— 82 82.00 —- 13. 17. 206. — 737.2
1.04 11.00 83 83.00 12. 16. 295. 737.2
1.04 12.00 84 84.00 11. 15. 2u5 . 737.2
1.04 13.00 85 85.00 IC. 14. 205. 737.2

— 1.04 14.03 . .  86 86.00 10. -—- 13. 204. 737.2
1.04 15.00 

- 
87 87.00 9. 12. 204. 737.2

1.04 16.00 88 88.00 8. 11. 204. 737.2
1.04 17.00 89 89.00 8. 10. 204. 737.2
1.04 18.00 90 90.00 ______- 7. 10. 204............... 737.2

- % 1.04 19.00 91 91.00 7. 9. 203. 737.2
1.04 20.00 92 92.00 6. 8. 203. 737.2
3.04 21.00 95 93.00 6. 8. 203. 737.2

_~~ - -  1.04 22.00 __. 94 94.00 6. 7........... 203. _.737.1
1.04 23.00 95 95.30 5. 7.. 203. 737.1
1.05 0.00 96 96.00 5. 6-, 203. 737.1
1.05 1.00 97 97.00 4. 6. 203. 737.1

— 1.05 2.00 .___ .9$ 98.00 4. .5. 202. .____737.1
1.05 3.00 99 99.00 4. 5. 202. 737.1
1.05 4.00 100 100.00 4. 5. 202. 737.1
1.05 5.00 101 101.00 3. 4. 202. 737 .1

—- 4.05 6.00 - 102 102.00 ~~. 4. 202._737.1
i.05 7.00 103 103.00 ~. 4. 202. ,37.1
1.05 8.30 104 104,00 3, 4. 202. 757.1
1.05 9.00 105 135.30 3. 3. 202. 737.1

.—.......1.05 10.00 106 106.00 2. 3. 202. 737.1
1.05 11.00 101 107.00 2. 3. 202. 737.1
1.09 2,00 10 8 108.00 2. 3. 202. 737.1
1.OD 3.03 109 109.00 2. 3. 202. 737.1

.__._...4.05 ..4.O0 __ .jlO 110.00 _______ .2. 2. .202. 737.1
i.05 15.00 111 111.00 2. 2. 202. 737.1
1.05 16.00 112 112.00 2. 2. 201. 737.1
1.05 17.00 113 11 3.00 2. 201. 737.1

..__.....1.05 _18.00 114 114.D0._ .._____ • 2. ‘01. 737.1
1.05 -1 9.00 115 115.00 • 2. 201. 757.1
1.05 20.00 116 116.00 • 2. 201. 737.1
1.05 21.00 117 117.00 • 1. 201. 737.1
1.05 _ 22.00 _118 118.09 .1. 1. 201............. 737.1
1.05 23.00 119 119.0u 1. 1. 201. 737.1
1.06 0.00 120 120.00 1. 1. 201. 737.1
1.06 1.00 121 121.00 1. 1. 201. 737.1

- 2.00.................122 122.00 1. 1— 201— 737.1
.06 3.00 123 123.00 1. 1. 201. 737.1
.06 4.00 124 124.00 1. 1. 201. 737.1
.06 5.00 125 125.00 1. 1. 201. 737.1
.06 - - 6.00-.—- . 126 126.0O-—— ..— .---1. - — —..----- -1.--—-——201.— -_ — 137.1.06 7.00 127 127.00 1. 4. 201. 737.1
.06 8.00 128 128.00 1. 1. 201. 737.1
1.06 9.00 129 129,00 0. 1. 201, 737.1

...._ 4.96 -.10.09_1~0 130.C Q 0. 
- 1. .201. ____ 737.1

i.s,6 11 .Ou 131 131 .Cu 0. r i .  201. 737.1
1.06 12.00 132 132.00 0. .

~~~ 
4. 201. 737.1

- - 1.06 13.00 133 133.00 0. us 201. 737.1
_l.06 _.14.00 134 134.00 0. O~ ~04. 737.1

• 1.06 15.00 435 135.00 0. 0. ~0i. 737.1
1.06 16.00 136 136.00 0. 0. 201. 737.1
1.06 17.00 137 131.00 0. 0. 201. 737.1

_4.06 48.99 _438 438.09 ._ 9. .0. ~94 . .............737.i.06 i9.u u 139 i39 .Ou U. 0. ~ U1. 1 S T .
1.06 20.00 140 143.00 0. 0. 201. 737.1
1.06 21.00 141 141.00 0. 0. 201. 737.1

...........i .06 .22.09 142 14~~.0C 9— 9. ~01. 737.1
.06 23.9u 143 145 .00 I.. u. ~O1. 737.1
1.07 0.uO 144 144.00 0. 0. 201. 737.1
.07 1.00 145 145.00 0. 0. 201. 737.1

—-4 .97  ? .99 44~ 446.99 .9. 
~~
.

- - j .y,  .‘.yy 147 i 47 .~~u U. 2. ~~~~ 
131.

4.417 4.yu 148 148.09 0. ~. 201. 737.
i.07 5.uO 149 149.Ou 0. u. 201. 737.1

- .. .. 1.07 6.00 _150 150.00 0. 0. 201.. 737.1
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- SUMMARY OF DAM SAFETY ANALYSIS

. l 5 5• 5•S  INITIAL VALUE SPILLv ~ Y CREST TOP OF DAMELEVATION ~. 737.40 737.10 739.50STORAGE - 214. 201. 351.BU.TFLOM 4~~ 0. ~ 77

RATIO MAXIM UM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF.... OF IFSFRVOIR DEpflI ~ T~~~AGF fl hi lri jtu nVF.R TAP MA~ AUTFI tIM FATLUIEPMF W .S.ELEV OVER DAM A C—F T CFS HOURS HOURS HOURS
1.00 744.72 5.22 969. 4872. 19.00 22.00 0.00

_ _ _ _ _ _ _  
‘
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